Introduction
The light addressable potentiometric sensor (LAPS) was first proposed by D. Hafeman et al. in 1988 . [1] It is a kind of potentiometric sensor with silicon substrate. Because of the advantages as light addressability, flatness surface, and simple fabrication process, this platform showed high potential for chemical and biomedical applications. For monitoring the health of human body, sodium ions is always an important index. Many different methods have been used to improve the sensitivity of sodium ions. Therefore, a to obtain a high performance and stable pNa sensor is an important topic for biosensor technology research.
In this study, an inorganic sensing membrane for Na + was investigated. To modify the surface site, the hafnium oxide (HfO 2 ) layers deposited by atomic layer deposition (ALD)_were treated by rapid thermal annealing and carbon tetrafluoride (CF 4 ) plasma. The material analysis and sensing properties for H + and Na + were all investigated. Fig. 1 shows the schematic of the cross-section view of the fluorinated-HfO 2 LAPS. The sensing membrane, 2 nm-thick HfO 2 layer was deposited directly on Si by ALCVD. For the fluorinated surface, the wafer was treated with CF 4 plasma for 5 min by PECVD system. The rf power was 30 watt and the process pressure was 500 mTorr, respectively. The substrate temperature of the sample was kept at 300℃ during the process. To increase the efficiency area of plasma, the RTA pre-treatment was performed in N 2 ambient at 900℃ for 30 sec before CF 4 plasma. [3] B. LAPS measurement system Fig. 2 shows the LAPS measurement system. Using a Lock-in amplifier (Stanford research systems, model SR510) to be a filter and increases the amplitude of signal. In Fig. 3 , the output signal is calculated by the inverting point of the slope through 2nd differential. This shift of output voltage in different buffers could be considered as the sensitivity of H + and Na + .
Experiment

A. Fabrication process of LAPS
Results and discussions
Fig . 4 shows the pH and pNa sensitivity and linearity. For the increasing of CF 4 plasma time, the pH sensitivity decreases but pNa sensitivity increases. For the sample with 5 min CF 4 plasma treatment, the pH and pNa sensitivity of fluorinated-HfO 2 LAPS was 21.6 mV/pH (pH 2-pH10) and 33.9 mV/pNa (pNa 1-pNa 3), respectively. was 18.6 mV/pH (pH 2-pH 10). For Na + detection, the linear range was increased to pNa 4 and the sensitivity was 34.8 mV/pNa. In Fig. 6 and 7, the fluorinated-HfO 2 with RTA pre-treatment shows more decrease on pH sensitivity and more increase on pNa sensitivity. These results are good for pNa sensors with better selectivity. From Fig. 6 and Fig. 7 , it means RTA pre-treatment will increasing the area for fluorinated.
[3] Fig.  8 and Fig. 9 show the surface material analysis by XPS. The F1s peak was observed after CF 4 plasma treatment. For O1s, the higher peak is contributed by the binding with Hf-O and the lower binding energy peak comes from contamination. After CF 4 plasma treatment, the contamination peak shifts to higher binding energy and another peak appears at higher position. It is safe to recognize the Hf-O is become F-Hf-O. The F-O binding is a polar covalent bond. The electronegativity of oxygen is 3.5 and that of fluorine is 4. [4] Since electrons move partially from oxygen atoms to fluorine atoms and form a negatively charged surface, the surface directly exposes to the electrolyte solution and has more opportunity to attract Na + . The schematic of mechanism is shown in Fig. 10 . The summary of pH and pNa sensing properties is in Table. 1 and 2.
Conclusions
In this paper, the pH sensitivity of ALD-HfO 2 LAPS was decreased and pNa sensitivity was increased by CF 4 plasma. In addition, the application range could be increased by RTA pre-treatment. For the sample with RTA pre-treatment and CF 4 plasma 5 min, the pH sensitivity was 18.6 mV/pH and pNa sensitivity was 34.8 mV/pNa measured from pNa 1-4.sodium sensor, ALD-HfO 2 after RTA pre-treatment and CF 4 plasma post-treatment has 34.8 mV/pNa with 99% linearity in a wide range pNa measurement(pNa 1-pNa 4). 
